radiation. FTIR spectra were recorded with a Thermo Scientific Nicolet iS5 FTIR spectra meter. Optical properties of the powders were examined by a Shimadizu UV 2600 instrument. SEM images were performed on JSM-7500F (JEOL). TEM was performed on a FEI Tencai 20 microscope. Room temperature Photoluminescence spectra were monitored at a Perkin Elmer Luminesence Spectrometer (LS 50 B) with excitation wavelength of 350 nm. Average fluorescent lifetime was calculated as follows: τ A = (A 1 τ 1 2 +A 2 τ 2 2 +A 3 τ 3 2 ) / (A 1 τ 1 +A 2 τ 2 +A 3 τ 3 ). The surface area of the samples was examined by the lowtemperature N 2 adsorption-desorption method with Quantachrome Quadrasorb SI porosimeter and calculated by Brunauer-Emmett-Teller (BET) model. X-ray photoelectron spectroscopy (XPS) data were obtained on Thermo ESCALAB250 instrument with a monochromatized Al Kα line source (200 W). Electrochemical measurements were conducted with a BAS Epsilon Electrochemical System in a conventional three electrode cell, using a Pt plate as the counter electrode and an Ag/AgCl electrode (3 M KCl) as the reference electrode.
The working electrode was prepared on F-doped tin oxide (FTO) glass that was cleaned by sonication in ethanol for 30 min and dried at 353 K. The boundary of FTO glass was protected using Scotch tape. The 5 mg sample was dispersed in 1 mL of DMF by sonication to get a slurry mixture. The slurry was spread onto pretreated FTO glass. After air-drying, the working electrode was further dried at 393 K for 2 h to improve adhesion. Then, the Scotch tape was unstuck, and the uncoated part of the electrode was isolated with epoxy resin.
Photocatalytic tests for H 2 evolution: Photocatalytic H 2 evolution activities were evaluated in a closed system equipped with a pressure detector to examine the pressure of the evolved gases in during photocatalytic reactions. White LED light (50 W) and green LED light (50 W, λ = 525±1.0 nm) were used for photocatalytic H 2 evolution evaluation, respectively. The used volume of the reactor was 38 mL and the temperature was controlled 298 K by cycle water.
The evolved amounts of the gases were finally calculated by the Clausius-Clapeyron relation (PV = n RT). Typically, 50 mg of solid catalysts was dispersed into 50 mL of DI water and TEOA (10 V. %) mixture, while they were degassed in advance for use with vacuum and sonication, respectively. 3 wt. % Pt cocatalysts were deposited by a typical in-situ photodeposition strategy from H 2 PtCl 6 precursor. The reaction temperature of the system was maintained at 25 o C by a flow of cooling water.
The AQY measurement and Wavelength Experiment: The apparent quantum yield (AQY) for H 2 evolution was measured using monochromatic green LED lamp (525±1.0 nm). The intensity was tested to be 4.5 mW cm -2 and the irradiation area was controlled as 3×3 cm 2 . Depending on the amount of hydrogen produced by the photocatalytic reaction in an average of one hour, and the AQY was calculated as follow:
Where, M is the amount of H 2 molecules (mol), NA is Avogadro constant (6.022×10 23 / mol), h is the Planck constant (6.626×10 -34 J S), c is the speed of light (3×10 8 m/s), S is the irradiation area (cm 2 ), P is the intensity of irradiation light (W/cm 2 ), t is the photoreaction time (s), λ is the wavelength of the monochromatic light (m). 
